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Abstract
Background: Long term longitudinal data are scarce on epidemiological characteristics and patient outcomes in
patients on maintenance dialysis, especially in Switzerland. We examined changes in epidemiology of patients
undergoing renal replacement therapy by either hemodialysis or peritoneal dialysis over four decades.
Methods: Single center retrospective study including all patients which initiated dialysis treatment for ESRD
between 1970 and 2008. Analyses were performed for subgroups according to dialysis vintage, based on
stratification into quartiles of date of first treatment. A multivariate model predicting death and survival time, using
time-dependent Cox regression, was developed.
Results: 964 patients were investigated. Incident mean age progressively increased from 48 ± 14 to 64 ± 15 years
from 1st to 4th quartile (p< 0.001), with a concomitant decrease in 3- and 5-year survival from 72.2 to 67.7%, and
64.1 to 54.8%, respectively. Nevertheless, live span continuously increased from 57 ± 13 to 74 ± 11 years (p< 0.001).
Patients transplanted at least once were significantly younger at dialysis initiation, with significantly better survival,
however, shortened live span vs. individuals remaining on dialysis. Among age at time of initiating dialysis therapy,
sex, dialysis modality and transplant status, only transplant status is a significant independent covariate predicting
death (HR: 0.10 for transplanted vs. non-transplanted patients, p = 0.001). Dialysis vintage was associated with better
survival during the second vs. the first quartile (p = 0.026).
Discussion: We document an increase of a predominantly elderly incident and prevalent dialysis population, with
progressively shortened survival after initiation of renal replacement over four decades, and, nevertheless, a
prolonged lifespan. Analysis of the data is limited by lack of information on comorbidity in the study population.
Conclusions: Survival in patients on renal replacement therapy seems to be affected not only by medical and
technical advances in dialysis therapy, but may mostly reflect progressively lower mortality of individuals with
cardiovascular and metabolic complications, as well as a policy of accepting older and polymorbid patients for
dialysis in more recent times. This is relevant to make demographic predictions in face of the ESRD epidemic
nephrologists and policy makers are facing in industrialized countries.
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Background
Since intermittent renal replacement therapy has been
established almost 50 years ago, the number of patients
with endstage renal disease (ESRD) requiring chronic
dialysis therapy has increased dramatically over the years
with currently more than 2500 patients on maintenance
hemodialysis therapy in Switzerland.
The first successful dialysis has been performed in a
67 year old female in 1943 with documented survival of
the patient. Belding Scribner initiated the first outpatient
dialysis in 1960 with a thrice weekly treatment schedule.
This was the beginning of a new area of intermittent
maintenance hemodialysis treatment in patients suffer-
ing from ESRD [1]. In parallel, peritoneal dialysis has
evolved as another form of dialysis, using the periton-
eum as semi-permeable membrane. In 1964, Robert
Palmer developed a catheter for long term use [2], which
was modified by Henry Tenckhoff and is still in use
today.
Since the development and the implementation of
chronic maintenance dialysis programs all over the
world, longterm outcome of patients with endstage
renal disease undergoing chronic replacement therapy,
remains poor. Dialysis dose, expressed as Kt/V, urea re-
duction ratio (URR), nutritional status, albumin,
hematocrit and body mass index have been associated
with survival. Also, non-modifiable factors such as age,
race, diabetes and comorbidities were exposed as modi-
fiers of mortality and morbidity in patients on dialysis
[3-6]. Similarly, regional differences in outcome have
been reported [7]. Over the last four decades, many
technical modifications in maintenance dialysis treat-
ment have been realized, such as the use of disposable
highflux polysulfon dialyzers and online hemodiafiltra-
tion. In addition, medical advances towards improve-
ment in survival of patients with ESRD undergoing HD
or PD have been accomplished, such as substitution
therapy with human recombinant erythropoietin, and
optimization of nutritional status. However, only scarce
epidemiological data are available on longitudinal tem-
poral patterns of patient and outcome characteristics
on chronic renal replacement therapy, especially in
Switzerland.
The aim of the present study was to analyze changes in
epidemiologic characteristics and outcomes of patients
undergoing renal replacement therapy by either
hemodialysis (HD) or peritoneal dialysis (PD) over the last
four decades in a single center in Zurich, Switzerland.
Specifically, we wanted to test the hypothesis, that
outcome of individuals initiated on dialysis therapy has
improved with time. To this aim, we evaluated changes in
mortality of patients over time in relation to patient
characteristics, such as age, sex, therapy modality, time on
dialysis, and transplant status.
Methods
In this single center retrospective study all patients were
included initiating treatment for ESRD either by thrice
weekly hemodialysis or peritoneal dialysis in our center of
the Stadtspital Waid (SWZ) hospital, Zurich, Switzerland,
since start of the program in June 1970 through October
2008, and a follow-up until December 31 2010. The SWZ
is one of three county hospitals with a hospital based
dialysis unit in the city of Zurich, and a referral population
of approximately 300'000 in the greater Zurich area.
Patients are almost exclusively adults. Patients commen-
cing renal replacement therapy in our unit were recorded
by name, date of birth and therapy modality. Various
hemodialysis modalities (in-center HD, home HD, limited
care HD) were documented separately, but combined to
one category for most analyses due to the small propor-
tion of patients performing either home or limited care
HD (Tab. 1). Moreover, changes in therapy modality,
including date of renal transplantation, if applicable, were
registered. Finally, date of death, if reported, was entered
into the registry. Missing data were completed by explor-
ing internal hospital records, census records of the city of
Zurich as well as of surrounding counties, and by gather-
ing additional information from practicing nephrologists
in the greater Zurich area.
Overall, the resulting study population totaled 964
patients. Out of these, data were incomplete for 122
patients regarding date of birth. In 127 patients (7.6%),
vital status at the end of follow-up as per December 31,
2010, was not accounted for. Patients switching between
dialysis modalities were analyzed according to their ini-
tial therapy modality. In contrast, patients who were
transplanted during the time of observation were ana-
lyzed separately according to initial dialysis modality and
according to transplant status. Survival was analyzed as
time from dialysis initiation to the end of observation at
December 31st 2010, or to date of death. Patients were
analyzed in quartiles according to the year of renal re-
placement initiation (1st quartile/group 1: June 1970
through August 1979; 2nd quartile/ group 2: September
1979 through June 1990; 3rd quartile/group 3: July 1990
through February 1999; and, 4th quartile/group 4: March
1999 through December 2010).
Gathering, analysis and publication of retrospective
data of patients from institutions and/or by authors
(P.M.A.) affiliated with the University of Zurich
(UZH) are granted a general waiver by the ethics
committee of the UZH by which the present study is
covered.
Statistical analyses
In general, analyses reporting on age, sex, therapy
modality and transplant status are given for an incident
population commencing dialysis therapy. Descriptive
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statistics are given as mean± standard deviation, percen-
tages and confidence intervals (CI). Comparisons be-
tween groups were made by ANOVA for continuous
variables and chi-square tests and Fisher’s exact test for
categorial variables, respectively. We used Kaplan-Meier
method to calculate survival times from date of dialysis
initiation to date of death (uncensored) or to the end of
observation at December 31st 2010 (censored). Breslow
test was calculated to compare survival times among
quartiles of dialysis initiation (decades). Cox regression
analysis was performed with survival time as dependent
variable, status variable death (yes = 1), and quartile of
dialysis initiation (decade, categorial with first quartile as
reference), sex, age at dialysis initiation, dialysis modality
(HD/PD) and transplant status as independent variables.
We used Schoenfeld residuals test to evaluate the pro-
portional hazard assumption. As this assumption is vio-
lated, we carried out a time dependent Cox regression
analysis adding the interaction terms between time and
independent variables as covariates to the Cox model
above. All statistical tests are two-sided and P ≤ 0.05 was
considered to be significant. All analyses were carried
out with IBM SPSS Statistics, version 20 (SPSS Inc.,
Chicago, IL, USA) and Stata/SE 12.0 for Windows
(StataCorp, College Station, Texas, USA).
Results
From June 8, 1970 through October 24, 2008, 964
patients were enrolled at our center for maintenance
dialysis due to ESRD, and, therefore, analyzed in this
study. Missing data were most prevalent during the first
and second decade (32 and 18%, respectively), with
complete data sets for the third and fourth decade.
In Table 1, characteristics of incident patients at start
of dialysis are summarized. Overall mean age was
55.0 ± 16 years, with a range from 14.7 to 89.2 years.
Women were significantly older at time of first dialysis.
The vast majority of patients initiated chronic replace-
ment therapy on hemodialysis, whereas a minute pro-
portion of participants performed limited care HD (LC)
or home HD (HHD). The percentage of patients who
were initiated on peritoneal dialysis was 16.8. Patients
on home HD were younger, whereas those treated with
LC were older compared to those on in-center HD or
PD. Based on the low numbers of HHD an LC patients,
however, the differences were not statistically significant.
The percentage of patients performing PD was compar-
able between women and men (18.7 vs. 15.7%;
p = 0.131). Overall, 182 patients (18.9%) were noticed for
at least 1 change in dialysis modality. Of those, 43
(23.6%) switched from their initial therapy to in-center
HD, 67 (36.8%) to HHD, 42 (23.1%) to LC, and 30
(16.5%) to PD. Twenty-four subjects performed a second
switch, mostly to in-center HD. A total of 371 patients
(38.5%) who began renal replacement therapy in our in-
stitution were transplanted at least once during follow-
up. The average age at time of first transplantation was
48.3 ± 16 years.
Of the subjects with certified vital status 73.0% have
died during follow-up. Mean age at time of death is
65.9 ± 13 years. The average survival time censored for
end of study period of patients on renal replacement
therapy from first dialysis to death is 6.2 ± 6 years. Sur-
vival time after start of dialysis is 8.4 ± 8 years. Three-
and five-year survival is 71.1 and 60.4%, respectively.
Survival is similar for men and women (73.0 and 68.3%,
respectively, for 3 yr survival (p = 0.153), and 63.1 and
56.6%, respectively, for 5 yr survival (p = 0.080)). Simi-
larly, no significant differences in survival were found
between HD and PD (data not shown).
In order to analyze time trends patients were subdi-
vided into quartiles regarding dialysis vintage, resulting
in groups of approximately 10 year intervals (“decades”).
Significant differences can be noticed between the four
groups with regard to incident patients’ age at time of
dialysis initiation (Table 1). Over the observation period
of almost 40 years a gradual increase in mean incident
age from 48.0 (median: 48.4) to 63.9 (median: 63.6) years
can be observed (Table 1). The ratio of men to women
within groups was 1.13, 1.46, 1.74, and 1.84 for the 1st,
2nd, 3rd, and 4th decade, respectively, demonstrating a
continuously developing predominance of males starting
renal replacement therapy in our cohort. Figure 1
depicts development in prevalent age of the entire co-
hort being on dialysis treatment over 40 years, with a
continuous rise both in mean and median age of the
population. Half of the population was beyond 60 years
in 1989, and older than 70 in 2004. Age was higher
among women in the overall population, but only during
the first two decades of dialysis initiation (data not
shown). A significant drop in incident home dialysis
patients, both PD and home HD, can be observed, from
a peak 47 percent in the 2nd quartile to less than 4 per-
cent in the new millennium (Table 1).
Regarding the age at time of death, significant differ-
ences are documented between the four groups, with in-
creasing mean age at initiation of dialysis therapy over
time from 56.7 ± 13 yr in group 1 to 73.9 ± 11 yr in
group 4 (Table 1). In contrast, mean survival time to
death of patients on renal replacement therapy from
onset of dialysis therapy significantly decreased from 8.3
years in the most ancient group to 2.9 years in the quar-
tile of patients initiating renal replacement most re-
cently. Figure 2 reveals the lowest cumulative survival
for patients of the first and forth quartile. In addition to
survival characteristics, we sought for other factors dis-
tinguishing subgroups stratified to dialysis vintage. With
regard to therapy modality, patients initiating on
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peritoneal dialysis have a more homogenous age distri-
bution over time vs. patients on hemodialysis (Figure 3).
Furthermore, we analyzed differences between trans-
planted vs. non-transplanted patients as well as time
trends in transplantation and their effects on patient
survival (Table 2). A total of 371 patients (38.5%)
received a kidney transplant within the observation
period of 40 years. Men were significantly more likely to
receive a transplant than women (43.3 vs. 31.5%,
respectively; p< 0.001). The number of transplanted
individuals was comparable within the first, second and
third time interval with 94, 111, and 102 transplants
performed, respectively. During the most recent decade,
however, the number of transplantations decreased
significantly by 40 percent (p< 0.001). Inversely, mean
age at transplantation continuously and significantly
increased from 45 to 53 years over time (Table 2).
Patients undergoing transplantation were significantly
younger at time of dialysis onset compared to those not
Figure 1 Development of prevalent age on dialysis over 4
decades (1970–2008). Prevalent age is given over time for every
year since 1970, with separate lines for mean, median, minimal and
maximal age. Only patients being on dialysis in the respective year
are accounted for, excluding transplanted individuals.
Table 1 Demographic characteristics according to quartile of dialysis vintage
Total 1st quartile 2nd quartile 3rd quartile 4th quartile P
Age at initiation of dialysis, yr 55.0 ± 16 48.0 ± 14 49.7 ± 16 55.1 ± 15 63.9 ± 15 <0.001
Sex, % 0.138
! Male 60.5 55.7 58.1 63.5 64.7
! Female 39.5 44.3 41.9 36.5 35.3
Initial dialysis modality, % <0.001
! HD 80.1 92.8 52.5 78.7 96.3
! HHD 2.0 4.3 3.4 0 0.4
! PD 16.8 3.0 43.3 17.4 3.3
! LC 1.2 0 0.8 3.7 0
Vital status, % <0.001
! Alive 23.4 2.5 19.1 29.0 43.2
! Dead 63.4 64.3 68.5 65.6 55.2
! Unknown 13.2 33.2 12.4 5.4 1.7
Age at death, yr 65.9 ± 13 56.7 ± 13 63.2 ± 11 67.4 ± 11 73.9 ± 11 <0.001
Survival, %
! 3 years 71.1 64.0 72.2 77.9 67.7
! 5 years 60.4 52.7 64.1 66.4 54.8
Figure 2 Kaplan-Meier survival curve according to dialysis
vintage. Cumulative survival by Kaplan-Meier analysis is shown
separately for each quartile of patients according to dialysis vintage
between 1970 and 2008 (Breslow test: chi-square = 16.75, df = 3,
p = 0.001).
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being transplanted during follow-up. Analyzed by sub-
groups according to dialysis vintage similar findings were
noticed for all 4 time periods, except for the 3rd decade,
when age at transplantation increased by 11 years com-
pared to the preceding time period (see Figure 4). Sur-
prisingly, waiting time to first transplantation after start
of dialysis increased only slightly from 27 to 29.8 months
from the 1st to the 4th decade.
Cumulative survival is significantly longer in trans-
planted versus non-transplanted individuals (Figure 5,
Table 2). Accordingly, both 3- and 5-year survival is 1.6-
and 2.1-fold higher in transplant versus non-transplant
patients, respectively. However, this effect is time-
dependent and decreasing from earlier to later stages
after transplantation. The survival advantage for trans-
planted individuals is also apparent in subgroups strati-
fied for decade of dialysis vintage (Table 2).
Finally, we sought to develop a model predicting
survival and to examine the hypothesis that survival of
dialysis patients in our cohort has improved over the last
four decades. In order to account for significant
Schoenfeld residuals test, we performed time-dependent
Cox regression analysis with dialysis vintage (quartile), age
at dialysis initiation, sex, dialysis modality (HD vs. PD)
and transplant status as covariates. As shown in Table 3,
only transplant status turns out to be an independent
predictor of survival with a hazard ratio of 0.10 for
death in transplanted versus non-transplanted indivi-
duals (p< 0.001). Moreover, a significant effect of
dialysis vintage is observed only between the second
and first quartile, with a hazard ratio for death of 0.68
(p = 0.026), suggesting a survival benefit during the
second time interval.
Discussion
This retrospective analysis reports on epidemiologic time
trends in more than 900 patients over forty years initiating
renal replacement therapy on dialysis. To our best know-
ledge, this is the only study being published, so far, covering
a time span of this magnitude. The major findings of this
evaluation are: a) a continuous trend of increasing age both
in incident and prevalent patients over time; b) a predomin-
ance of male patients initiating dialysis therapy at a younger
age compared to women; c) a continuous decrease in
patients initiating renal replacement on home-based ther-
apy regimes; d) a drop in survival during the most recent
decade; e) a significant survival advantage for patients being
Figure 3 Age distribution between hemodialysis (HD) and
peritoneal dialysis (PD) patients over 4 decades. Incident age for
the respective quartiles of dialysis vintage is shown for HD and PD
patients. Results are presented as mean age at time of therapy
initiation (symbols) and standard deviation (error bars). Whereas for
PD patients incident age remained relatively stable over years, a
continuous increase for patients on HD can be noted. However,
differences are not statistically significant at any time point between
dialysis modalities.
Table 2 Demographic characteristics for transplanted vs. not transplanted patients (all patients and patients stratified
according to quartile of dialysis vintage)
Dialysis vintage,
quartile
Transplanted Not transplanted
All pts. / 1st / 2nd / 3rd / 4th All pts. / 1st / 2nd / 3rd / 4th
Age at 1st dialysis, yr 48.3 ± 16 ¥ / 41.6 ± 11 / 43.4 ± 15 /54.4 ± 16 / 55.4 ± 16 † 59.7± 15 / 55.3 ± 13 / 56.1 ± 14 / 55.6 ± 15 / 66.8 ± 14 †/}
Time to TPL, yr 2.0 ± 3 ¥ / 2.5 ± 3 / 2.3 ± 3 / 2.2 ± 4 } –
Age at TPL, yr 45.6 ± 14 ¥ / 44.7 ± 11 / 44.5 ± 14 / 47.8 ± 14 / 52.7 ± 16 † –
Age at death, yr 58.5 ± 13 ¥ / 54.5 ± 13 / 60.4 ± 10 / 62.8 ± 10 / 59.2 ± 22 * 68.8± 12 / 59.9 ± 11 / 64.6 ± 11 /68.8 ± 11 / 74.6 ± 10 †
Survival after initiation
of dialysis, %
3 years 92.4 ¥ / 74.3 / 95.6 / 99.0 / 98.3 57.1 / 55.0 / 54.2 / 62.3 / 56.1 {
5 years 87.9 ¥ / 67.1 / 93.4 / 93.8 / 96.0 41.5 / 40.0 / 41.5 / 46.2 / 37.3 {
¥: p<=0.001 vs. patients not transplanted.
†: p<=0.001 among quartiles.
*: p< 0.050 among quartiles.
{: p< 0.050 for all quartiles vs. respective transplant periods.
}: p =NS.
}: p< 0.050 for all quartiles vs. respective transplant periods except for "age at 1st dialysis" in 3rd quartile.
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transplanted; and, f) overall, outcome on dialysis is prob-
ably mostly affected by progress in the medical manage-
ment of comorbidities rather than improvements in dialytic
therapy per se.
During the time period of forty years, we observed an
increase in age at time of starting dialysis from 48 in the
1970s to 64 years during the last decade between 1999
and 2008. This finding reflects the trend of increasing
age of incident dialysis patients in developed countries
as reported in the ERA-EDTA Registry Annual Report
with a mean age at initiation of dialysis of 64 years in
2008, and of 70 years in Germany in 2006 [8,9]. The data
of the DOPPS study from 2004 show an age range from
58.0 years in the UK to 62.4 years in Italy [10]. Also, our
data correspond well with reports from Switzerland by
Saudan et al. from the French part of the country [6],
and by Breidthart et al. from Basel [11]. In Saudan's
publication, mean age of 64 ± 15 years in prevalent
patients of 2001 matched exactly that in our own cohort
for the same year (Figure 1). In Breidthardt's report,
mean age during the observational period between 1995
and 2006 equaled 65. Several explanations may account
for this finding. First, the average age of the population
in the Western world is increasing generally, and, sec-
ond, improvements in medical management and survival
of patients with illnesses finally resulting in endstage
renal disease (ESRD) have been achieved over the last
decades. For example, we have shown previously, that
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Figure 4 Time trends in renal replacement therapy over 4 decades. Columns represent mean age at time of first dialysis and death, and
mean duration from first dialysis to transplantation (if applicable) and to death (A) or to death/end of follow-up (B) in years. Columns are
differentiated according to dialysis vintage and transplant status. For statistical characteristics among groups refer to Table 2.
Lehmann et al. BMC Nephrology 2012, 13:52 Page 6 of 10
http://www.biomedcentral.com/1471-2369/13/52
patients in Switzerland with type 1 diabetes mellitus
(DM) undergoing renal transplantation had a gradual
increase in duration from onset of diabetes to ESRD
over the last five decades [12].
A predominance of male subjects among patients initi-
ating dialysis was found in our cohort, with a continuous
increase from 56 to 65% during the observation period.
Moreover, men were consistently younger at time of first
dialysis by about six years during the first two decades,
and caught up with women only in the last ten years of
our analysis. These findings may either be explained by
better screening and medical treatment of male sub-
jects in our society, or reflect higher disease burden in
men. Neither hypothesis can be confirmed by our
study. Of note, comparable findings were made inde-
pendently by Saudan et al., as well as by Breidthardt
and coworkers regarding the higher percentage of male
individuals in their Swiss cohorts (63 and 56% male
patients, respectively). Nevertheless, outcome is com-
parable for men and women in our study, with only
slightly lower 3- and 5-year survival by about 8 percent
each in women. This difference can easily be explained
by the higher age at dialysis start in women. As a
consequence, mean age at death was almost identical
between sexes with 65.7 and 66.2 years for male and
female subjects, respectively.
Our data clearly indicate a relevant drop in home
dialysis regimens since the nineteen nineties. Whereas in
the 2nd quartile of our analysis nearly half of our popula-
tion performed a self care based dialysis modality at
home, a mere 4 percent of incident patients were on
either PD or home HD since the turn of the millennium.
This reflects a common trend of declining numbers in
home based therapy in Switzerland. In 1985, 41% of the
Swiss dialysis population was on self care treatment,
with only 12.9% in 2009 [13]. Several factors have
contributed to this development. With a growing num-
ber of ESRD patients and treatment possibilities
restricted to a limited number of mainly hospital based
hemodialysis units, many centers established PD and
home HD programs, in order to keep up with the
increasing demand for dialysis therapy. Over the years,
however, new capacities for in-center HD were provided,
especially by hemodialysis units in private nephrology
cabinets outside of hospital settings. In addition, lesser
reimbursement for PD in Switzerland may occasionally
have favored in-center HD, especially with increasing
supply of the latter. Finally, the most important reason
can be explained by medical factors, as illustrated by our
study. As mentioned before, incident age of the ESRD
population both internationally and in our cohort has con-
tinuously increased, most dramatically in the 3rd quartile
(beginning in 1990). In contrast, the average age of incident
PD patients remained almost stable from the 2nd quartile to
the end of the observation period (Figure 3). This most
certainly reflects that PD is a more age related therapy
modality, preferentially chosen by and adequate for patients
in a younger to middle age group.
We found 3- and 5-year overall survival rates of 71
and 60 percent, respectively, in our study population.
These findings are in agreement with the two recently
published studies from Switzerland mentioned above
Figure 5 Kaplan-Meier survival curve according to transplant
status. Kaplan-Meier curve for cumulative survival stratified for
transplant status of the entire cohort (Breslow test: chi-square
= 283.70, df = 1, p< 0.001).
Table 3 Cox-regression analysis (time-dependent)
Hazard Ratios
for death (HR)
95%CI for HR P
Lower Upper
Dialysis initiation, 1st quartile (ref.) 1
Dialysis initiation, 2nd quartile 0.68 0.48 0.96 0.026
Dialysis initiation, 3rd quartile 0.82 0.55 1.22 0.320
Dialysis initiation, 4rd quartile 0.95 0.61 1.47 0.803
Age at 1st dialysis, yr 1.01 1.00 1.02 0.063
Sex (1: male) 1.02 0.80 1.31 0.858
HD (1) vs. PD 1.23 0.87 1.74 0.244
TPL (1: transplanted) 0.10 0.06 0.15 <0.001
Time dependent covariates
(independent variables× time)
Dialysis initiation, quartile 0.99 0.97 1.01 0.287
Age at 1st dialysis, yr 1.00 1.00 1.00 0.275
Sex (1: male) 1.00 0.97 1.03 0.985
HD (1) vs. PD 1.01 0.97 1.05 0.592
TPL (1) 1.07 1.02 1.11 0.002
With survival time as dependent variable, status variable death (1), and
quartile of dialysis initiation (decade, categorial with first quartile as reference),
sex, age at dialysis initiation, dialysis modality (HD/PD) and transplant status as
independent variables and time dependent covariates.
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with comparable socio-economic background, analyzing
patient data from around the year 2000. They documen-
ted 3- and 5-year survival of 68 and 46%, respectively, in
Basel [11], and 61% 3-year survival in the French part of
Switzerland [6]. Survival after initiation of dialysis
decreased significantly in our cohort by about 50 and 35
percent in survival time censored for study follow-up
and time to death, respectively, since 1970. This drop is
explained exclusively by changes occurring in the last
quartile of observation between 2000 and 2008. Obvi-
ously, part of this finding is inherent to the study design
with progressively shorter follow-up from earlier to later
segments in the time frame under examination. How-
ever, corresponding drops in the 3- and 5-year survival
in the last quartile of the cohort are indicative of a clear
trend to lower survival in most recent years, which is
not influenced by methodological factors. Accordingly,
the shape of the Kaplan-Meier curve for cumulative sur-
vival, which is directly comparable for the first 10 years
between each subgroup, is compatible with this trend.
One major explanation for this development, obviously,
is the increasing age at start of renal replacement ther-
apy. The CRIB study showed the risk of death approxi-
mately to double for each 15 years of older age [14]. In
the DOPPS study, Cox models adjusted for demograph-
ics and a wide range of comorbidities, showed elderly
patients to have a three- to sixfold higher mortality risk
compared with participants below 45 years of age [15].
Older age per se is associated with shorter survival, but
is also linked to more comorbidities [14-17]. Despite
poorer survival after initiation of dialysis, patients’ life
span has continuously been extended from 57 yr in the
first quartile of the observation period to 74 yr during
the most recent decade of our analysis.
Transplantation in patients with endstage renal dis-
ease has been shown in several studies to be associated
with better outcomes [18,19]. In our analysis, both 3-
and 5-year survival were clearly superior in trans-
planted individuals compared to patients remaining on
dialysis. Again, this is explained, in part, by a lead-time
error with significantly lower age at initiation of dialysis
therapy in patients undergoing transplantation at a later
stage in life. After multivariate adjustments using time-
dependent Cox regression, however, patients not being
transplanted had a 10-fold higher risk for death versus
non-transplanted individuals (HR of 0.10 for trans-
planted vs. non-transplanted patients). In addition to
lower age, patients chosen for a transplant may be
"better risks", selections among those with less
comorbidities. However, transplantation by itself,
providing higher solute clearance, better metabolic
control and production of endogenous hormones,
confers lower morbidity and better survival. Nevertheless,
survival time of transplanted individuals has progressively
dropped, especially in the 3rd and 4th quartile of our
analysis. Despite this circumstance, 3- and 5-year patient
survival was still maintained clearly beyond 90 percent.
This may be indicative of the fact, that mean age at trans-
plantation, despite a continuous increase over time, is still
relatively low at 53 years. With mean survival time cen-
sored for study follow-up still being almost 8 years, its
drop within the last 20 years is primarily due to the older
individuals among the transplant patients. The percentage
of patients older than 60 years increased from 7% in the
1st to 39% in the 3rd decade. Concomitantly, survival times
after transplantation below and beyond 60 years of age
were 11.1 and 6 years in the 1st, and 9.4 and 4.3 years in
the 3rd decade, respectively. In accordance with these find-
ings, it has been shown that transplantation at an age
beyond 65 years is not always associated with a survival
benefit compared to dialysis therapy [19-23].
Apart of analyzing the changing characteristics of
patients starting on renal replacement therapy over the
last 40 years, one specific aim of the current study was
to address the question, whether medical management
of an ESRD cohort in Switzerland has improved over
time, resulting in better outcomes in this population.
Among general medical treatment options, development
of new pharmaceutical compounds, such as recombinant
human erythropoietin, as well as better care of patients
with diabetes and cardiovascular complications can be
considered to have beneficial effects on morbidity and
mortality. Along with these achievements, technical and
procedural innovations in dialysis therapy may have
translated into improvements in patient survival. In
order to examine this hypothesis, we used the epidemio-
logical characteristics of our cohort under investigation
to develop a model predicting death or survival time by
stratification into quartiles of dialysis vintage and adjust-
ing for potential confounders such as age, sex, initial
dialysis modality, transplant status and follow-up time.
However, except for transplant status, none of the other
covariates were predictive of the defined outcome.
Conversely, later dialysis vintage was noted to confer a
survival benefit only for the second versus the first
quartile. These findings suggest, that reaching progres-
sively older age on renal replacement therapy over the
last 40 years is not directly and exclusively related to
technological advances in dialysis therapy and medical
treatment of patients with endstage renal disease.
Improvements in general medical care may have
contributed indirectly, by prolonging the life of patients
with diabetes mellitus and cardiovascular diseases, both
pharmaceutically and through interventional techniques
like coronary artery bypass surgery and endovascular
procedures for cardiac, cerebral and peripheral vasculo-
pathies. Moreover, the increasing proportion of elderly
people may be explained by policies accepting older and
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polymorbid patients for renal replacement therapy in the
last 10 to 20 years. As a result, an increasing number of
older patients experience secondary renal failure from
systemic illness and/or age, rather than dying from their
primary disease. Once on dialysis, however, prognosis is
limited by their comorbid conditions and age. This will
impact on future developments of treatment numbers of
patients being on dialysis. As incident cases may con-
tinue to increase, prevalent patients probably will reach
a plateau in the near future due to the dynamics
described in our analysis.
The present study has several limitations. First, it was
performed retrospectively, thus limiting the accuracy in
data collection and the possibilities for correction of
potential confounders. Also, despite a fairly high overall
completeness of more than 90% in gathered records,
data were missing in almost one third of patients from
the first decade of the study period. However, there are
no indications of a systematic lack of information.
Moreover, analyses like this, with a time span covering
40 years, are impossible to carry out in a prospective
manner, for obvious reasons. Second, our analysis is
based on a single center experience. This prohibits
generalizations to other settings. Nevertheless, based on
comparisons with published data from other Swiss
centers, we are fairly confident, that our results are
representative for Switzerland and many other central
European countries with comparable health care systems
and socioeconomic characteristics. Third, our study
cannot compete with much larger registries such as the
United States renal data system (USRDS) or the ERA-
EDTA registry. However, for Switzerland no national
ESRD data sources are available, with the exception of a
Swiss registry that has been implemented only in 2006.
Fourth, no data about the diagnosis causing endstage
renal disease, and further detailed information on comor-
bidity, nutritional status, quality of dialysis, and laboratory
results in our patients are available. Nevertheless, we have
no reason to assume that our cohort differs significantly
from that of other institutions in Switzerland with regard
to epidemiological and medical characteristics. This is
supported by many similarities derived from other studies
mentioned before.
In conclusion, our analysis of 40 years of single center
dialysis experience provides relevant information on
epidemiologic trends in changing characteristics of the
ESRD population in Switzerland, as well as on policies
in the implementation of renal replacement therapy.
Our findings document an increase of a predominantly
elderly incident and prevalent dialysis population with
shortened survival after initiation of renal replacement,
and, nevertheless, prolonged lifespan. The latter seems
not exclusively attributable to medical and technical
advances in dialysis therapy, but rather to reflect better
survival of individuals with cardiovascular and metabolic
complications, as well as a policy of accepting older and
polymorbid patients for dialysis. These findings are rele-
vant to predict future developments in face of the ESRD
epidemic nephrologists and policy makers are facing in
industrialized countries.
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